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effect is investigated, not only FAs per se but also products of FA metabolism or FA-sensitive signal transduction cascade can act as a relay.
An overview of fatty acid regulation of gene transcription in various organisms
FA regulation of gene transcription occurs in unicellular and in complex organisms. In Escherichia coli, LCFAs are transported and activated in acyl-CoA by FadD, the bacterial acyl-CoA synthetase (ACS). In this simple organism, CoA derivatives, not FAs, bind with high affinity to a transcription factor, the FaDR, preventing its binding to a response element, thereby allowing the gene involved in FA synthesis (fabA) to be repressed and those encoding enzymes of FA transport and metabolism (fadL, fadD, fadE, fabBA, fadH) to be induced (reviewed in 2).
In yeast it also appears that acyl-CoAs are the active components modulating gene transcription (reviewed in 2). Studies using Saccharomyces cerevisiae have been focused on the regulation of the OLE1 gene. This gene encodes the ∆−9 desaturase, an integral membrane protein that converts the saturated palmytoyl-(C16:0) and stearoyl-(C18:0) CoAs to the monounsaturated counterparts. As expected from the biological role of the desaturase, OLE1 gene transcription rate is stimulated in response to exogenous saturated FAs, while exposure to unsaturated FAs sharply reduce transcription (3) . The corresponding positive and negative response elements have been located in the OLE1 upstream promoter region (3) . However, the precise mechanisms of activation and of repression remain to be elucidated.
In mammals, the expression of many genes has been shown to be modulated by FAs in a positive or a negative manner. However, only in a few cases has the transcription rate been clearly demonstrated as the main step of control. Post-transcriptional regulation can also occur, as examplified by the PUFA-induced decrease in stability of stearoyl CoA desaturase (SCD1) and glucose transporter 4 (GLUT4) mRNAs in the adipocytes of the 3T3-L1 cell line 7 containing -4315 to +19 base pairs (bp) relative to the transcriptional start site of the S14 gene linked to the chloramphenicol acetyltranferase (CAT) structural gene demonstrated that the 5'-flanking region of the S14 gene was involved (14) . The PUFA response element(s) were located between -220 and -80 bp of the S14 promoter (14) . The question whether the actual modulators are PUFAs per se remains open. The observation that prostanoid inhibitors fail to prevent PUFA action suggest that at least prostanoids are not involved (14) . Since the effect is restricted to PUFAs and since PUFAs are very sensitive to peroxidation, it is possible that cytotoxic peroxidative products could be the active molecules, a still debated issue (15, 16) .
This would be consistent with the fact that the effect of PUFA on transcription of genes coding for lipogenic enzymes is restricted to hepatocytes in which peroxidation occurs.
However, this tissue-restricted effect of PUFA has been revisited recently and site-specific regulation seems to occur in rat WAT (17). Moreover, in 3T3-L1 adipocytes, arachidonic acid (C20:4, n-6) suppress the expression of genes coding for lipogenic enzymes by a mechanism requiring cyclooxygenase and prostaglandin production (18).
Transcription of at least two other liver-specific genes, SCD1 and apo A-1 is also clearly the target of PUFA negative regulation (19, 20, 21) . In the case of the SCD1 gene (and probably also the SCD2 gene), the PUFA response region has been located in the promoter. Therefore, it seems more likely that a mechanism different from that involved in the negative regulation of the liver lipogenic enzymes occurs. The non-metabolisable FA α-bromopalmitate is also a strong inducer, suggesting that the metabolism of FAs is not necessary (24). The stimulation of aP2 gene expression is slow and blocked by cycloheximide, indicating that protein synthesis is required for the induction to occur (22, 23).
However the mechanism of repression is not yet resolved (reviewed in 4)

Positive regulation
This result strongly argues against a direct mechanism of FA action on the aP2 gene but rather would suppose that FAs act by altering the synthesis of either a transcription factor or of some other protein with a rapid turnover required for the effect (Figure 2 ). Indeed, several other marker mRNAs of the adipocyte phenotype (ACS, FAT, LPL, GLUT4, the uncoupling protein 2 etc.) are clearly induced by long-term treatment of preadipocytes with FAs.
The data discussed above supports the idea that FAs stimulate the general adipogenic process but does not give clues to the mechanism. It is possible that a common response element(s) to a FA-responsive master transcription factor is present in the promoter region of all these genes. One way to decipher the mechanism would be to study in detail the genes In the S14 gene, the cis-regulatory negative element for the PPARα-specific ligand wy14643 is clearly distinct from that for PUFAs (45). 
Conclusion
The mechanisms by which FAs control the transcription of specific genes is complex.
It seems clear that depending upon the cell-specific context and the target gene, FAs can take very different routes to alter transcription. Although the exact mechanism is still unresolved, rapid progress have been made recently, particularly with the help of mutant mice in which specific transcription factors or nuclear receptors have been either overexpressed or deleted by knockout. In vivo studies using such animal models and analysis of specific cell types derived from these mice would permit the identification of the targeted protein as a FA-responsive regulator. One possibility for which the exact mechanism has been so arduous to decipher may be related to the complexity of chromatin structure added to the difficulty to integrating Mainly in liver and adipose tissue they can be activated into fatty acyl-CoA (FA-CoA) and esterified to glycerol-3-phosphate for triacylglycerol synthesis. In many cell types, FAs can be elongated and desaturated by specific enzymes (elongases and desaturases), β-oxidized in mitochondria or peroxisomes, ω-oxidized in microsomes, peroxidized or participate in eicosanoid (prostaglandins, leukotrienes, thromboxanes) synthesis. can bind DNA at a FA response element (FARE) and activate or repress transcription. [3] , [4] , [5] FA action can be indirect. In that case, alteration in either TF mRNA stability [3] or gene transcription [4] results in variations of TF de novo synthesis [5] with an impact on the transcription rate of genes encoding proteins involved in FA transport or metabolism. On binding to the cognate response element, TF acts either as a monomer [6] , a homodimer or a heterodimer with TF*, a different TF [7] . 
